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Strand symmetryAs basic features of genomic sequences, oligonucleotide frequen-
cy proﬁles have been used in the study of genome evolution. It has
been reported that there are three classes of genomes in terms of
triplet proﬁles, including the majority class, the minority class, and
the violator class [1]. Only one majority proﬁle, especially for AT-rich
genomes, exists in the majority class; some minority proﬁles for GC-
rich genomes, on the other hand, exist in the minority class [1].
The majority proﬁle was considered to be a reﬂection of general
mechanisms of genome evolution [1], and a universal genome
format that would be “the inevitable result of a common history of
numerous inversions/transpositions” of early genomes [2]. However,
there are actually, according to our further analysis and at least
among prokaryotic genomes, two common triplet proﬁles: one is
from low-GC content genomes; the other is from high-GC content
genomes.
We analyzed 571 prokaryotic genomes (chromosomes), a repre-
sentation of all species of archaea and bacteria that were available as
of December 2008 from the NCBI, for their triplet proﬁles. The list of all
analyzed genomes is available in Supplementary material 1. Triplet
proﬁles were analyzed in principle in the same way as described in
Ref. [1].
Among the 571 widely different genomes (chromosomes)
studied, 184 ones (GC content 16.56%–42.83%) may be grouped
into a low-GC content common class (common class 1) according to
their triplet proﬁles, while another 160 ones (GC content 58.02%–
74.91%) may be grouped into a high-GC content common class
(common class 2) in the same way. As shown in Fig. 1A, the 184
triplet proﬁles of common class 1 are quite similar (cdiv=0.075,
SD=0.045), and so are the 160 triplet proﬁles of common class 2
(cdiv=0.086, SD=0.051; Fig. 1B). The average proﬁles of common
class 1 and common class 2, respectively, would correspond to a low-
GC content common proﬁle (common proﬁle 1, highly correlated
with the majority proﬁle described in Ref. [1], i.e., r=0.872,
Pb0.0001) and a high-GC content common proﬁle (common proﬁle
2, the novel one). In fact, common proﬁle 1 and common proﬁle 2 are
negatively correlated (r=−0.645, Pb0.0001). Details of the two
common proﬁles are shown in Supplementary material 2. It is
interesting to note that almost all genomes whose GC content is
within the range of a common class belong also to the common class,
except thosewith GC content towards 50% (Fig. 2). Moreover, none of
the genomes with GC content around 50% could be a member of
either common class (Fig. 2). Accordingly, their triplet proﬁles could0888-7543/$ – see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.ygeno.2011.02.005not comply with either common proﬁle 1 or common proﬁle 2. Also,
there is no common proﬁle of their own for these genomes in spite of
their abundance.
Overall, although closely related genomes may have similar triplet
proﬁles, the proﬁle of a prokaryotic genome would mainly be
determined, as one may anticipate, by its GC content rather than by
its phylogenetic position. This is evident from the distribution of
genomes that comply with either of the common proﬁles (Fig. 2 and
Supplementary material 2).
Genomes that violate the rule of strand symmetry would
disqualify them as members of the majority class [1]. Our results
show that the requirements for the appearance of a common triplet
proﬁle are (1) appropriate genomic GC content and (2) strand
symmetry. Therefore, there is a common proﬁle for low-GC content
genomes, and another for high-GC content genomes, as long as these
genomes are with a high level of strand symmetry (which is the
case for all prokaryotic genomes studied; see also Supplementary
material 1). This principle applies also to eukaryotic nuclear genomes
and other genetic systems (organelle genomes, virus and phage
genomes, and plasmids) as well as to genomic frequencies of
oligonucleotides other than trinucleotides (data not shown). Conse-
quently, both common proﬁles would rather be direct reﬂections of
GC content variations and strand symmetry of genomic sequences.
Genomes of intermediate-GC content, even if with a high symmetry
level, could not produce a common proﬁle (e.g., intermediate-GC
content prokaryotic genomes). Genomes without strand symmetry,
although with similar low or high GC content, could only be mem-
bers of the violator class (e.g., some closely related mitochondrial
genomes; see also Ref. [1]).
Thus, the common triplet proﬁles would have existed as long as
strand symmetry and GC content variations among genomes had been
set into shape in the course of genome evolution. Moreover, if strand
symmetry was the original trait of the primordial genome [3], the
common triplet proﬁles would emerge once GC content variations
were in place. On the other hand, common proﬁles can be in principle
created with appropriate nucleotide compositions and the character-
istics of strand symmetry in sequences, and other natural or artiﬁcial
proﬁles may be converted into common proﬁles with modiﬁcations
of GC content, maintaining the feature of strand symmetry (see also
Refs. [1,2]).
Supplementarymaterials related to this article can be found online
at doi:10.1016/j.ygeno.2011.02.005.
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Fig. 1. Triplet proﬁles of common class 1 and common class 2 prokaryotic genomes (trinucleotides in abscissa to be read vertically from bottom to top). (A) Low-GC content common
class (common class 1) with 184 members. (B) High-GC content common class (common class 2) with 160 members.
Fig. 2. Distribution of prokaryotic genomes for low-GC content common class (common
class 1) and high-GC content common class (common class 2) in terms of triplet proﬁles.
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